We compared the sleep quality indices between patients with mild cognitive impairment (MCI) and normal elderly subjects and analyzed the effects of sleep characteristics on cognitive functions. Cases of MCI patients (320 persons, MCI group) and 630 normal elderly with matched age, gender, and level of education (control group) were enrolled in this study. The Pittsburgh Sleep Quality Index (PSQI) was used to assess the sleep characteristics. The Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) were used to assess cognitive function. There were 110 (34.3%) and 170 (27%) cases with sleep disorders in the MCI and control groups, respectively (P < 0.01). There was a significant difference of total PQSI scores between the two groups, and the scores of sleep duration (factor III) and habitual sleep efficiency (factor IV) in the MCI group were significantly lower than those in the control group. Total PQSI scores negatively correlated with MoCA scores and MMSE scores. MoCA scores negatively correlated with scores of the sleep latency (factor II), sleep duration (factor III), and habitual sleep efficiency (factor IV), while MMSE scores negatively correlated with scores of factor III and factor IV. The scores of attention and calculation, reading and language understanding, and visuospatial function (MMSE), and also of visuospatial/executive function, attention, and clockdrawing test (MoCA) in MCI patients without sleep disorders were significantly higher than those in MCI patients with such disorders. The incidence of sleep disorders is higher in patients with MCI, compared with normal elderly. Effects of sleep disorders on cognitive functions are mainly reflected in the state of attention and visuospatial/executive function.
INTRODUCTION
With increase in age and appearance of age-related problems, the incidence of sleep disorders increases [1, 2] . Mild cognitive impairment (MCI) is a mild memory or cognitive dysfunction, which can readily be diagnosed but does not dramatically affect living abilities. It is a clinical status between normal aging and early dementia [3] ; at the same time, it is considered an ultra-early stage of Alzheimer's disease (AD), with the risk of progressing to clear clinically manifested AD. In recent years, MCI has attracted more and more attention. Researchers have found that sleep disorders are indicative of elderly cognitive impairment [4] , and the cognitive decline in normal elderly is significantly associated with sleep disorders [5] . The sleep quality positively correlates with psychological test scores. The worse the sleep quality, the worse the test scores. Lack of sleep can lead to decline of rapid response ability and to impairment of executive functions [6, 7] . Positron emission tomography (PET) showed that there are metabolic declines in cerebral areas related to attention, information processing, and executive functions in individuals with deprived sleep [8] . Functional magnetic resonance imaging (fMRI) showed that the state of cortical networks is associated with sustained attention, and sleep deprivation will disturb the function of these networks [9] . Sleep impairment affects visuospatial [10] , auditory [11] , tactile [12] , and olfactory perception [13] . Sleep disorders can be considered a concomitant symptom of cognitive impairment. At the same time, decreased sleep quality can further aggravate cognitive impairment.
In our study, the sleep quality in MCI patients was assessed. The objective was to find an association between cognitive impairment and sleep disorders.
METHODS
General Data. Following the cluster sampling method, a general questionnaire survey and cognitive function assessment were conducted on 1605 elderly (≥ 60 years old) in six communities in Shijiazhuang, Tangshan, and Handan in Hebei, China, from December 2009 to December 2010. The examined groups included 320 MCI patients (MCI group) and 630 normal elderly with matched age, gender, and level of education.
In the MCI group, the inclusion criteria were as follows: (i) Memory impairment was the chief complaint (confirmed by relatives or insiders); objective examination showed memory impairment inconsistent with age and education level, with normal overall cognitive function and the ability to perform the activities of daily living; the patients did not meet the diagnostic criteria for dementia [14] . (ii) The ages were ≥ 60 years. (iii) Patients could cooperate with the cognitive function test.
The exclusion criteria were as follows: (i) Patients could not cooperate with the cognitive function test due to aphasia, deafness, blindness, color blindness, or other physical deficiencies.
(ii) Patients had neurological diseases causing clear brain dysfunctions, including acute stroke and Parkinson's disease. (iii) Patients had severe depression, schizophrenia, phrenitis, and clouding of consciousness, which impacted the cognitive function assessment. (iv) Patients had serious physical illnesses affecting sleep. There were 146 men and 174 women, with a mean age of 70 ± 6 years (mean ± s. d.) and average 6 ± 4 years of education.
In the control group, the inclusion criteria were as follows: (i) The ages were ≥ 60 years. (ii) There was no chief complaint of cognitive dysfunction. (iii) According to the education level, the scores of MiniMental State Examination (MMSE) were higher than the delimitation, and the scores of Montreal Cognitive Assessment (MoCA) were not less than 26, with the scores of activity of daily living (ADL) less than 26. (iv) Subjects could cooperate with the cognitive function test. Exclusion criteria were the same as those in the MCI group. There were 302 men and 28 women, with a mean age of 70 ± 6 years and average 6 ± 4 years of education.
There were no significant differences in age (F = 2.07, P = 0.35), gender (F = 4.39, P = 0.11), and average level of education (F = 0.37, P = 0.83) between the two groups.
Assessment of the cognitive function. All scale assessments were performed by trained psychiatrists (after training, the consistency test showed a Kappa of 0.83). The MoCA and MMSE were used for assessment of the state of the cognitive sphere. The items of MoCA included visuospatial function, memory, language fluency, and abstract thinking, with a total of 30 scores. For subjects with less than 12 years of education, one score was added to the test result to correct the bias of the education level. Higher scores represented better cognitive function. The delimitation score was 26, and scores less than 26 were considered indicative of cognitive impairment [15] .
The MMSE was commonly used in senile dementia screening, and its items included orientation, memory, and attention, with a total of 30 scores. It was more suitable for patients with moderate to severe dementia, and the sensitivity and specificity in distinguishing normal elderly from dementia patients was 80-90%. Estimates of scores < 27 (junior high school and above), < 24 (primary school), and < 21 (illiterate) represented cognitive function decline [16] . In the MCI group, the MoCA scores were less than 26, and the MMSE scores were higher than the delimitation according to different education levels.
Assessment of Sleep Quality. The sleep quality (overall sleep quality in the past one month) of subjects was assessed using the Pittsburgh Sleep Quality Index (PSQI). The PSQI consisted of 19 questions (e.g., during the past two weeks, how long had it usually taken the subject to fall asleep each night) and 7 subscales. Among the latter, there are subjective sleep quality (factor I), sleep latency (factor II), sleep duration (factor III), habitual sleep efficiency (factor IV), sleep disturbances (factor V), use of medication (factor VI), and daytime dysfunction (factor VII). Each factor was graded from 0 to 3. The total PSQI scores represented the sum of the seven subscales and ranged from 0 to 21. The PSQI did not ask about mood symptoms. In general, scores ≥ ≥ 5 represented clear sleep problems [17, 18] .
Statistical Analysis. Original data were coded and managed by an independent database established by the Institute of Basic Medical Sciences and Institute of Clinical Medicine in the China Academy of Traditional Chinese Medicine. All data were entered by professional personnel at a double-entry mode to ensure correctness. After examination, verification, modification, and submission, SPSS 17.0 statistical software was used for statistical analysis. An independent sample t-test was conducted to analyze the differences of total PSQI scores and individual factor scores between the MCI and control groups. Pearson's correlation coefficient was used for analysis of MoCA, MMSE, and PSQI scores in all enrolled subjects.
RESULTS
Comparisons of the Incidence of Sleep Disorders and PQSI Scores. There were 110 (34.3%) and 170 (27%) cases with clear sleep disorders in the MCI and control groups, respectively, with a significant difference between them (F = 7.35, P = 0.007). Total PQSI scores and individual factor scores in the two groups are shown in Table 1 . There was significant difference of total PQSI scores between two groups (F = 4.21, P = 0.04). The scores of sleep duration (factor III) and habitual sleep efficiency (factor IV) in the MCI group were significantly lower than those in the control group (F = 6.90, P = 0.00 and F = 7.51, P = 0.00, respectively).
Correlations of PQSI Scores with MoCA and MMSE Scores. Correlations of total PQSI scores and individual factor scores with MoCA scores and MMSE scores are shown in Table 2 . The PQSI total scores negatively correlated with MoCA scores and MMSE scores, respectively (r = -0.12 and r = -0.09, respectively). The MoCA scores negatively correlated with scores of the sleep latency (factor II), sleep duration (factor III), and habitual sleep efficiency (factor IV); (r = -0.08, P = 0.01; r = -0.09, P = 0.00, and r = -0.14, P = 0.00, respectively). The MMSE scores negatively correlated with scores of factor III and factor IV (r = -0.09, P = 0.00 and r = -0.12, P = 0.00, respectively).
General Manifestations in MCI Patients with and without Sleep Disorders. As shown in Table 3 , there was no significant difference between the frequencies of cases of angina, hypertension, cerebral infarction, cerebral hemorrhage, transient ischemia attack (TIA), diabetes, presbyopia, and peptic ulcer between MCI patients with and without sleep disorders. The age and years of education in MCI patients with sleep disorders matched those in MCI patients without sleep disorders.
Comparison of the MMSE Scores between MCI Patients with and without Sleep Disorders.
Comparison of total MMSE scores and individual factor scores between MCI patients with and without sleep disorders are shown in Table 4 . There was no significant difference in total MMSE scores between MCI patients with and without the above disorders. The attention and calculation, reading and language understanding, and visuospatial function scores in MCI patients without sleep disorders were significantly higher than those in MCI patients with sleep disorders (t = 2.18, P = 0.03; t = 2.32, P = 0.02, and t = 2.31, P = 0.02, respectively), with no significant differences in other factor scores between two groups.
Comparison of the MoCA Scores. As shown in Table 5 , the total MoCA scores in MCI patients without sleep disorders were significantly greater than those in patients with sleep disorders (t = 3.06, P = 0.00). Comparisons of individual factor scores showed that the visuospatial and executive functions, attention, and clock-drawing test scores in patients without sleep disorders were significantly higher than those in patients with the mentioned disorders (t = 3.23, P = 0.00; t = 2.61, P = 0.00, and t = 2.50, P = 0.01, respectively). 
DISCUSSION
In our study, the incidence of sleep disorders and the effects of sleep quality on cognitive functions have been assessed. We found that, compared with normal elderly, MCI patients have noticeably more sleep problems. The effects of sleep disorders on cognitive functions are mostly reflected in the state of attention and reading and language understanding.
It was found that patients with dementia have obvious sleep rhythm disorders [19] , and the incidence of sleep disorders in AD patients is 25-44% [20] . The MCI is considered an early symptom or a high-risk factor for dementia, especially for AD [21] . There is a higher risk of AD or other types of dementia in MCI patients with sleep disorders [22] . MCI, similarly to dementia, is influenced by risk factors including age, educational level, physical exercise, and sleep disorders. The incidence of sleep disorders in patients with dementia was found to be higher than that in normal elderly. The main manifestations include obvious sleep-wake rhythm impairment, low sleep efficiency, a lower percentage of rapid eye movements (REMs) within the sleep period, frequent awakening, and shallow sleep [23] . The findings of our study are consistent with those of previous publications. These facts show that cerebral systems responsible for the sleep/ wake cycle are mildly but noticeably impaired in a significant proportion of MCI patients.
The MMSE test combined with MoCA is adopted to assess the state of cognitive function in the examined subjects. The MoCA was proposed by Nasreddine et al. [15] in Canada according to clinical experiences and cognitive items and scoring methods of MMSE. It is a rapid screening tool for detecting cognitive impairment, including 11 detection items in 8 areas, attention and concentration, executive functions, memory, language, visuospatial function, abstract thinking, calculation, and orientation. The total score is 30, and scores ≥ 26 represent the normal state. MoCA is more suitable for clinical use due to a higher sensitivity, wide coverage range, and short testing time. In addition, MoCA is more sensitive in MCI screening compared to MMSE and can be used for screening MCI patients with normal MMSE scores. An MMSE score value higher than delimitation is the criterion for MCI MMSE. The cognitive impairment in patients with MoCA scores lower than delimitation (26 scores) is milder than that with MMSE screening. Even so, the total PSQI scores in these patients are significantly different from the control. This indicates that the sleep quality in MCI patients is much lower than that in normal elderly, especially for the sleep duration and habitual sleep efficiency. There were no significant differences in factor I, II, V, VI, and VII scores between the two groups.
It should be recognized that coefficients of correlation between the examined indices calculated in our study are relatively low. Thus, the respective correlations are not strong and indicative of only some trends but not of strong dependences. Nonetheless, these correlations, due to the sufficiently large number of subjects in the examined groups, are quite significant.
As found in a previous study, low sleep quality will affect cognitive functions (such as learning and memory) in patients with MCI [24] . In this study, both MMSE and MoCA scores were found to negatively correlate with the total PSQI score, especially for MoCA scores negatively correlating with the scores of PSQI factors II, III, and IV. This indicates that poor sleep quality can also be a factor causing decline of cognitive functions.
It was also found that, compared with MCI patients without sleep disorders, the cognitive impairment in MCI patients with such disorders is mainly reflected in deficiencies of attention and visuospatial/executive functions. As was shown in previous studies, the prefrontal cortex may be more sensitive to lack of sleep [25, 26] . This lack can lead to significant metabolic disorders in the brain, especially in the prefrontal cortex [27] . The prefrontal cortex is closely related to executive functions, especially to high-grade ones. It is believed that there is an apparent connection between functional characteristics of the prefrontal cortex and those of the sleep/wake system [28] [29] [30] . In addition, lack of sleep may cause a decline in executive function [26] . Manly et al. [31] found that sleep deprivation causes visuospatial impairment. In particular, lack of sleep was reported to mainly affect the right hemisphere, but this viewpoint is not widely accepted. A study on patients with multiple sclerosis [32] showed that sleep problems can lead to a sustained decrease in attention. In patients with the attention deficit/hyperactivity disorder (ADHD), inattention is associated with insomnia [33] .
In our study, the total PSQI scores in the MCI group exceeded 6, while those in normal elderly were more than 5. This indicates that the sleep quality in persons older than 60 years gradually decreases, and that sleep disorders are a widespread phenomenon that merits our great attention. Of course, the assessment of sleep disorders in the elderly using the PSQI may be affected by some subjective factors. Multichannel EEG studies may provide more clinical significance.
The limitations of our study are as follows: (i) The causes of sleep disorders have not been subdivided; these causes included breathingrelated sleep disorders, restless legs syndrome, and periodic leg movements. (ii) Multichannel EEG and video polysomnography have not been used for the diagnosis of sleep disorders. It should, however, be taken into account that these techniques are relatively complex and expensive; so, they cannot be successfully applied for examination of large populations.
This study was conducted in accordance with the Declaration of Helsinki. The study was conducted with approval from the Ethics Committee of the First Hospital of the Hebei Medical University. Written informed consent was obtained from all participants.
